1. Introduction {#sec1}
===============

Delayed neurologic sequelae (DNS) are recurrent--transient neuropsychiatric consequences of carbon monoxide (CO) intoxication. They manifest with alternating periods of exacerbation and remission that cause diffuse white matter or gray matter injury.[@bib1] The differential diagnosis includes similar neurological signs and symptoms, thus resulting in great uncertainty when evaluating patients presenting at emergency departments (EDs), particularly when CO intoxication is not suspected. We report a case of CO encephalopathy that manifested after a silent interval following index CO intoxication.

2. Case presentations {#sec2}
=====================

A 48-year-old man presented in the ED with loss of balance, gait disturbance, and urinary incontinence of one-week duration. Given that the patient\'s consciousness level did not permit obtaining a reliable history, relevant clinical and demographic information was obtained from his medical records and relatives. The patient\'s history was unremarkable with regard to co-morbidities or medication use other than admission to the ED at another hospital one month before for a syncope attack associated with CO exposure. Patient\'s relatives stated that magnetic resonance imaging (MRI) and electroencephalography did not indicate any pathology at that time. He was admitted to the intensive care unit of that hospital for CO toxicity, had three sessions of hyperbaric oxygen treatment (HBOT), and discharged without sequelae. Upon admission to our ED, physical examination findings were normal other than limited cooperation with the medical team. His vital signs were as follows: temperature 37 °C, pulse rate 104 bpm, blood pressure 114/70 mmHg, and oxygen saturation 96%. All other system examinations were normal. Significant laboratory findings included an elevated WBC count of 11.9 cells/mm³ and a creatine kinase level of 401 I/U. His electrocardiogram showed normal sinus rhythm.

Cranial computed tomography (CT) was performed to investigate the cause of limited cooperation but revealed no acute pathological conditions. A neurology consult was scheduled to rule out acute neurological conditions. The lack of findings on cranial CT, the limited cooperation of the patient, and the changes in his consciousness resulted in a provisional diagnosis of DNS following CO exposure. Cranial MRI showed diffuse, symmetrical areas of pathological signal alterations in the deep white matter areas of both cerebral hemispheres. They were more prominent at the level of the centrum semiovale and extended to subcortical white matter areas. Those areas appeared hyperintense in T2A sequences but showed no uptake after intravenous contrast injection one-month after CO intoxication. Cranial MRI also showed areas of altered signals at the level of the body and splenium of the corpus callosum, which appeared hyperintense on diffusion-weighted imaging, and hypointense on apparent diffusion coefficient (ADC) maps. Initial imaging showed localized diffusion limitation ([Fig. 1](#fig1){ref-type="fig"}). After consultations with department of neurology, he was diagnosed with delayed central nervous system signs and symptoms secondary to CO intoxication, primarily on the basis of the patient\'s clinical and physical examination findings and cranial imaging signs. Hyperbaric oxygen therapy was planned and the patient was referred to a relevant medical facility.Fig. 1Axial DWI MR (c) in the patient shows restricted diffusion. Correlative ADC (b) hypointensity was also demonstrated within the same geographic area (splenium of corpus callosum). Axial FLAIR MRI (a) for this patient in the ER is normal.Fig. 1

3. Discussion {#sec3}
=============

The management of patients who present to the ED with altered consciousness and accompanying neurological symptoms is challenging. The presentation is generally not disease specific and may include signs of diverse medical conditions, including stroke and DNS.[@bib2] A final diagnosis must be made in the ED not only for appropriate treatment but also to avoid incorrect diagnoses and overly aggressive treatment which ha the potential to lead to complications.[@bib2]^,^[@bib3] CO intoxication is a frequent diagnosis in EDs worldwide, which has a high morbidity and mortality.[@bib4] CO intoxication resolves in most patients following normobaric or hyperbaric oxygen therapy, but a minority of patients experience persistent neuropsychiatric abnormalities or delayed encephalopathy. The carboxyhemoglobin (COHb) level on admission after CO inhalation does not always correlate with clinical findings or prognosis. Chronic CO exposure may present itself with loss of dentition, gradual-onset neuropsychiatric symptoms, or recent impairment of cognitive ability inconsistent with DNS.[@bib1]^,^[@bib5]^,^[@bib6] Increasing evidence indicates that the brain damage caused by CO intoxication results from mitochondrial oxidative stress in the central nervous system, white matter demyelination resulting from the immune response, abnormal inflammatory responses, and apoptosis. Free radicals activate a cascade responsible for the appearance of the delayed effects seen in an estimated 1%--47% of patients with CO intoxication.[@bib5]^,^[@bib7]

DNS includes a broad spectrum of symptoms.[@bib5] The sequelae may vary from mild to severe headache, seizures, alteration in consciousness, lethargy, concentration problems, cognitive disturbances, emotional liability, personality changes, amnestic syndromes, dementia, psychosis, gait disturbances, movement disorders (e.g., parkinsonism), chorea, apraxia, agnosia, inaction, peripheral neuropathy, urinary incontinence, and even vegetative state.[@bib5]^,^[@bib7], [@bib8], [@bib9] Delayed CO intoxication is diagnosed by the presence of a clinically silent period or lucid interval lasting for 2--40 days after acute intoxication followed by recurrent neuropsychiatric symptoms.[@bib7] The diagnosis of DNS is primarily made on the basis of the clinical features and radiological findings of CT and conventional MRI.[@bib8] MRI reveals abnormalities in the basal ganglia and/or white matter, as well as in the globus pallidus. These include newly formed hyperintense white matter lesions on T2-weighted images and fluid-attenuated inversion recovery (FLAIR), but they may be absent even in cases with chronic neurological symptoms.[@bib10]^,^[@bib11] Cerebrospinal fluid (CSF) analysis is a valuable diagnostic tool, but it is highly invasive and time-consuming.[@bib1] Proton magnetic resonance spectroscopy is a noninvasive imaging modality that can detect neurochemical impairment associated with brain injury in the region of interest. Fractional anisotropy in diffusion tensor imaging is a recently introduced technique that is useful for CO diagnosis.[@bib7]^,^[@bib11] However, the latter are even less accessible than MRI in the ED setting.

There is no effective treatment for delayed posthypoxic demyelination resulting from CO intoxication.[@bib12] Serious CO intoxication is treated only with oxygen therapy. HBOT acts to increase oxygen partial pressure in the blood, decrease COHb tension, and improve tissue oxygenation. It also reduces CO-induced mortality, limits cognitive impairment, and reduces the incidence of DNS. If the emergent HBOT starts within 24 hours after CO inhalation, it is more effective in reducing the incidence of neuropsychiatric sequelae than normobaric oxygen therapy. Its effectiveness for preventing DNS is not clear, and there are uncertainties surrounding the optimum HBOT protocol.[@bib5]^,^[@bib9]^,^[@bib13]^,^[@bib14] Studies reporting increased fractional anisotropy after HBOT are consistent with the reversal of myelin damage by HBOT.[@bib15] Other experimental treatments have been evaluated in clinical trials, including anti-inflammatory and immunomodulatory agents such as immuneglobulin, interferon, glatiramer acetate, and steroids, but with limited success.[@bib12] Hydrogen-rich saline has a lower hydroxyl radical concentration than water, has low toxicity, and is thought to be neuroprotective in ischemia-reperfusion injury.[@bib14] Allopurinol reportedly protects against brain ischemia and oxidative-stress-induced reperfusion injury; it also decreases the severity of DNS by inhibiting xanthine oxidoreductase, which promotes free radical production during cerebral ischemia/reperfusion.[@bib5] CO toxicity stimulates oxidative stress in the brain, with protective responses including the accumulation of superoxide dismutase (SOD-1, SOD-2), HO-1, nitric oxide synthase, and nitrotyrosine. Thus, it is possible that vitamin C (ascorbic acid) and Mn (III) tetrakis (4-benzoic acid) porphyrin, which is a superoxide dismutase mimetic, might be effective for treating CO toxicity.[@bib16] The mechanism of CO toxicity is not clear; however, if it results in oxidative stress, neuronal toxicity, and post ischemic reperfusion injury responsible for delayed symptoms, antioxidants may prove to be a novel treatment approach.[@bib17], [@bib18], [@bib19]

4. Conclusion {#sec4}
=============

Neurological emergencies are complex and challenging diagnoses because of the limited time allotted in taking patient histories and performing physical examinations. The availability of medical resources for making accurate diagnoses may also be limited. Patients with CO intoxication usually present in the ED. Most are encountered in the acute phase, but some occasionally present with delayed symptoms. Awareness of the DNS of CO intoxication and its signs and symptoms is of utmost importance to ensure the effective management of neurological emergencies.
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